Introduction
============

Sleep apnea syndrome (SAS) is a sleep respiratory disturbance disease, which is characterized by a high incidence rate, many complications and potential risks ([@b1-etm-0-0-6070]). Obstructive sleep apnea syndrome (OSAS) accounts for the majority of cases clinically. Epidemiological survey showed that the incidence rate of OSAS is 2--4% in adults, 4.63% in individuals aged \>30 years and up to 30--50% in individuals complicated with hypertension and coronary artery disease (CAD) ([@b2-etm-0-0-6070],[@b3-etm-0-0-6070]). OSAS is defined as follows: Repeated attack of apnea and hypopnea for more than 30 times during the 7 h sleep at night, or AHI ≥5. Polysomnography (PSG) detection is the gold standard of OSAS ([@b4-etm-0-0-6070]). OSAS can manifest in multiple organ system damage, leading to functional and organic changes in vital organs ([@b5-etm-0-0-6070],[@b6-etm-0-0-6070]). Sleep structural disorder and hypoxemia in sleep stage are important features of OSAS. The repeated hypoxemia and hypercapnia during sleep result in a series of pathophysiological changes in the body, which can promote the development of CAD, and increase the morbidity and mortality rates of CAD and other vascular diseases.

Many studies have shown that OSAS is closely related to the risk factors of vascular diseases, such as hypertension, arrhythmia, CAD, stroke and pulmonary arterial hypertension ([@b5-etm-0-0-6070]--[@b8-etm-0-0-6070]). The morbidity and mortality rates of CAD in OSAS patients are significantly increased, but the exact relationship between OSAS and CAD remains unclear. In the present study, 84 patients with suspected CAD were enrolled for sleep detection and coronary angiography, in order to investigate the correlation between OSAS and CAD and analyze the risk factors.

Materials and methods
=====================

### Subjects

A total of 84 patients with suspected CAD due to chest tightness, chest pain and nocturnal angina, admitted in the Department of Cardiology of The Affiliated Hospital of Medical College Qingdao University (Qingdao, China) from March, 2016 to June, 2017 were selected, including 56 males and 28 females. According to the results of coronary angiography, the patients were divided into two groups; the control group with a negative coronary angiography and the CAD group with a positive coronary angiography ([Table I](#tI-etm-0-0-6070){ref-type="table"}). Inclusion criteria were: i) Patients with repeated snoring for \>5 years; ii) with chest tightness, chest pain or nocturnal angina, or with ST-segment depression or pathological Q wave in electrocardiogram; and iii) age between 18--75 years. Exclusion criteria were: i) Cardiac dysfunction or heart failure (ejection fraction \<40%); ii) chronic obstructive pulmonary disease and daytime hypoxemia; iii) recent oxygen therapy or mechanical ventilation treatment; iv) valvular disease or cardiomyopathy; v) variant angina pectoris or X syndrome; vi) recent cerebral stroke; vii) central sleep apnea; and viii) intolerance to PSG monitoring. The present study was approved by the Ethics Committee of the Affiliated Hospital of The Affiliated Hospital of Medical College Qingdao University. Written informed consent was obtained from all the participants before the study.

Methods
-------

### General data collection

At admission, the patients were asked about their medical history in detail and received a questionnaire (habitual snoring in the questionnaire was defined as the snoring affecting the bedfellows for at least 3 nights a week). The vital signs were measured and the body mass index (BMI) was calculated. After fasting for 8 h, blood was drawn for blood biochemistry, blood routine examination, myocardium and enzymogram. Before coronary angiography, echocardiography and electrocardiographic examination were performed.

### Sleep monitoring

Before and after coronary angiography, the sleep respiratory monitoring was performed using the Stardust II portable sleep monitor (Wellkang, Melbourne, FL, USA). Sleeping pills and drinking alcohol were prohibited at 48 h before sleep monitoring. The nose and mouth airflow, chest and abdomen movement, blood oxygen saturation in finger tips, heart rate, snoring, body position and other parameters of patients were monitored ([@b4-etm-0-0-6070]). Diagnostic criteria of OSAS: Recurrent episodes of apnea (nose and mouth breathing stops for \>10 sec) and hypopnea (respiratory airflow is reduced to 50% of normal airflow intensity, accompanied by decreased blood oxygen saturation of \>4%) \>30 times, or apnea hypopnea index (AHI) ≥5 recorded by the sleep monitor.

### Coronary angiography

According to the guidelines of coronary angiography of American College of Cardiology (ACC)/American Heart Association (AHA), three experienced chief physicians performed the coronary angiography. The multi-location angiography was conducted using Judkin\'s method. The image processing system of angiography machine was used for the quantitative analysis of stenosis. Diagnostic criteria of coronary angiography: Stenosis of at least one coronary artery or its major lumen \>50% indicated the positive results ([Fig. 1](#f1-etm-0-0-6070){ref-type="fig"}).

### Gensini score

According to the results of coronary angiography, the degree of vascular lesion was quantitatively scored using the Gensini scoring system. The scoring criteria were composed of two parts: i) The basic score was given according to the degree of coronary artery stenosis; and ii) the scoring coefficient was determined according to the location of coronary artery lesions. The accumulated total in each lesion site was the total score of severity of coronary artery lesions in patients.

### Statistical analysis

All statistics were performed using SPSS 20.0 software, (IBM, Armonk, NY USA). Comparison between groups was done using One-way ANOVA test followed by post hoc test (least significant difference). Percentage (%) was used to express the enumeration data and Chi-square test was used for data analysis. One-way analysis of variance was used to evaluate the relationship between relative risk factors and CAD. The statistically significant factors were screened for multivariate logistic regression analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### General conditions

There were statistically significant differences in AHI, lowest oxygen saturation, left ventricular ejection fraction, triglyceride level, Gensini score, smoking and diabetes mellitus between the CAD and control groups (P\<0.05). BMI, total cholesterol level, OSAS, hypertension, hyperlipidemia, obesity and age were not statistically significant between the two groups (P\>0.05). The more severe OSAS was identified in the CAD group compared to that in the control group, but the statistical analysis showed that there was no statistically significant difference between the two groups (80.00 vs. 61.76%, P=0.056) ([Table I](#tI-etm-0-0-6070){ref-type="table"}).

### Correlation analysis of CAD and OSAS

The cumulative number of vessels in CAD group was high, and the coronary artery stenosis of moderate-severe patients generally involved multiple vessels. The CAD patients were divided into mild, moderate and severe group according to the severity of OSAS. The difference in Gensini score was significant among the three groups, and the analysis of variance showed the statistically significant difference (P=0.025). The more severe the OSAS was, the higher the Gensini score would be, suggesting that OSAS is closely related to CAD ([Table II](#tII-etm-0-0-6070){ref-type="table"}).

### Univariate analysis of CAD-related risk factors

Univariate analysis was performed for screening with CAD as the dependent variable and the risk factors as the independent variables. The results showed that the hypertension (P=0.006), hyperlipidemia (P=0.034), smoking (P\<0.001) and AHI \>20 (P=0.027) had significant correlations with CAD, but AHI \>5 had no correlation with CAD (P\>0.05) ([Table III](#tIII-etm-0-0-6070){ref-type="table"}).

### Multivariate logistic analysis of CAD-related risk factors

The risk factors obtained via univariate analysis were included into the multivariate logistic regression, and the results showed that smoking (P=0.029) and AHI \>20 (P=0.038) were the risk factors of CAD, and they had significantly positive correlations with CAD, odds ratio (OR) = 7.036 and 5.377 [Table IV](#tIV-etm-0-0-6070){ref-type="table"}).

Discussion
==========

SAS is a common disease, clinically dominated by OSAS, which can exist in a variety of cardiovascular system diseases, such as congestive heart failure, hypertension and CAD ([@b1-etm-0-0-6070]--[@b3-etm-0-0-6070]). Sleep structural disorder and hypoxemia in sleep stage are important features of OSAS. The most common cardiovascular symptoms of OSAS are stable angina and myocardial infarction. The incidence of angina pectoris and myocardial infarction in patients with OSAS and CAD is higher and more pronounced.

The results of this study showed that the lowest oxygen saturation was significantly different in CAD and control group (P=0.023). AHI was higher but the lowest oxygen saturation was lower in CAD group (P\<0.05). Furthermore, CAD group was divided into mild, moderate and severe group according to the severity of OSAS. The Gensini score had statistically significant difference among the three groups, and it was increased with the increasing severity of OSAS (P\<0.05). Univariate analysis suggested that the hypertension (P=0.006), hyperlipidemia (P=0.034), smoking (P\<0.001) and AHI \>20 (P=0.027) had significant correlations with CAD, but AHI \>5 had no correlation with CAD (P\>0.05). Logistic regression analysis was performed for the CAD-related risk factors. The results showed that AHI \>20 was one of the risk factors of CAD (P=0.038), which was consistent with the literature in China and world-wide ([@b9-etm-0-0-6070],[@b10-etm-0-0-6070]). It has been reported that OSAS, like obesity, smoking and hypertension, is an independent risk factor of myocardial infarction ([@b2-etm-0-0-6070],[@b3-etm-0-0-6070],[@b8-etm-0-0-6070],[@b11-etm-0-0-6070]). The findings of American Sleep Health Research Center also showed that AHI \>5 is a risk factor of cardiovascular disease and can significantly increase the incidence and mortality rates of cardiovascular events. Studies have also pointed out that OSAS is also an important factor affecting the prognosis of CAD ([@b12-etm-0-0-6070]). This study showed that the moderate-severe OSAS is one of the risk factors of CAD, and the probability of CAD in moderate-severe OSAS patients is 5,377 times that in non-OSAS patients.

The main influencing mechanisms of OSAS ([@b10-etm-0-0-6070],[@b13-etm-0-0-6070]--[@b16-etm-0-0-6070]), as a risk factor of CAD, are as follows: i) Hypoxemia in OSAS patients caused by repeated apnea can activate the chemical receptors and sympathetic nerve, resulting in vascular smooth muscle remodeling and hypertrophy, increasing oxygen consumption of heart and aggravating myocardial ischemia and hypoxia; ii) the platelet activity and aggregation capacity in OSAS patients are increased, leading to the occurrence of cardiovascular events; iii) the activity and content of tissue plasminogen activator inhibitor in OSAS patients are increased, inhibiting the fibrinolytic system in the body and leading to the hypercoagulable state, thrombosis and atherosclerosis development; iv) repeated apnea hypoxia activates the oxidative stress, which further leads to the lipid peroxidation, vascular endothelial cell injury and increased aggregation of inflammatory factors; v) nocturnal hypoxia may affect the activity of lipoprotein receptor, leading to the increased blood lipids and aggravating the development of atherosclerosis; and vi) accompanying factors: OSAS patients are mostly complicated by obesity, lipid metabolism disorders, hypertension, arrhythmia and other susceptibility factors of CAD. In order to reduce the incidence rate and improve the prognosis of CAD in OSAS patients, therefore, it is recommended to provide appropriate prevention and treatment for OSAS, as a risk factor.

The multivariate logistic regression analysis showed that smoking was also positively correlated with CAD, and was one of the risk factors of CAD (correlation coefficient =7.036, P\<0.001). Epidemiological investigation and clinical studies worldwide have also confirmed that smoking is an independent risk factor of CAD ([@b11-etm-0-0-6070],[@b17-etm-0-0-6070],[@b18-etm-0-0-6070]). The risk of CAD for smokers is 1.5- to 4-fold that of non-smokers. Smoking can cause cardiovascular events including possible mechanism leading to changes in hematology, neurohumor, metabolism, hemodynamics, molecular genetics and biochemistry, causing coronary artery spasm or atherosclerosis, eventually resulting in CAD. Therefore, smoking cessation is an important measure to reduce the risk of CAD.

Logistic regression analysis revealed that hypertension and hyperlipidemia were not significant risk factors for coronary heart disease (P=0.087), which may be associated with the limited experimental cases.

CAD is one of the important causes of human death, which has been confirmed to be related to age, sex, blood lipids, blood pressure, diabetes mellitus, obesity and smoking. Nevertheless, there is little research on the correlation between OSAS and CAD. The results of the present study have shown that AHI \>20 was a risk factor of CAD (P=0.038), and the Gensini score of CAD is related to the severity of OSAS. It is recommended that CAD patients receive PSG monitoring for diagnosis and treatment in time. In order to improve the prognosis of CAD patients, OSAS, as a risk factor, should be actively prevented and treated. The timely diagnosis and treatment of OSAS in CAD patients are secondary preventive measures of CAD. However, the small sample size is a limitation of the present study, and we would like to increase the sample size in future studies.

In conclusion, the results of the present study have shown that CAD is closely correlated with OSAS. In addition, smoking and AHI \>20 are the risk factors of CAD, which should be paid close attention. To reduce the incidence rate and improve the prognosis of CAD, patients should quit smoking and OSAS, as a risk factor, should be prevented and treated appropriately.
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###### 

General conditions in different groups.

                                                                           Groups                      
  ------------------------------------------------------------------------ ------------- ------------- -------
  Age (years)                                                              60.37±8.45    69.96±7.48    0.064
  Sex (male/female)                                                        16/18         40/10         0.071
  BMI (kg/m^2^)                                                            27.08±4.72    25.34±4.03    0.052
  LVEF (%)^[b](#tfn3-etm-0-0-6070){ref-type="table-fn"}^                   70.26±6.98    62.95±9.14    0.004
  AHI (n/min)^[a](#tfn2-etm-0-0-6070){ref-type="table-fn"}^                14.03±11.21   21.22±13.66   0.019
  Lowest oxygen saturation^[a](#tfn2-etm-0-0-6070){ref-type="table-fn"}^   88.45±5.19    84.32±7.59    0.023
  TC (mmol/l)                                                              4.50±0.92     4.12±0.89     0.075
  TG (mmol/l)^[a](#tfn2-etm-0-0-6070){ref-type="table-fn"}^                1.97±1.14     2.33±1.78     0.044
  Gensini score^[b](#tfn3-etm-0-0-6070){ref-type="table-fn"}^              7.25±12.62    42.37±38.81   0.008
  Diabetes mellitus^[a](#tfn2-etm-0-0-6070){ref-type="table-fn"}^          3 (8.82%)     7 (14.00%)    0.039
  Hypertension                                                             13 (38.24%)   39 (78.00%)   0.087
  Smoking^[b](#tfn3-etm-0-0-6070){ref-type="table-fn"}^                    3 (8.82%)     29 (58.00%)   0.003
  Obesity                                                                  21 (61.76%)   26 (52.00%)   0.068
  OSAS                                                                     21 (61.76%)   40 (80.00%)   0.056

BMI, body mass index; LVEF, left ventricular ejection fraction; AHI, apnea hyponea index; TC, total cholesterol; TG, triglyceride; OSAS, obstructive sleep apnea syndrome

P\<0.05 in comparison with the control group

P\<0.01 in comparison with the control group.

###### 

Relationship between coronary artery involvement and Gensini score and severity of OSAS in CAD group.

                                   Coronary artery involvement                                                                            
  -------------------------------- ----------------------------- --- --- ---- ----------------------------------------------------------- -------
  Complicated with mild OSAS       0                             7   0   6    19.38±20.15^[a](#tfn4-etm-0-0-6070){ref-type="table-fn"}^   0.045
  Complicated with moderate OSAS   0                             4   2   6    25.42±19.61^[a](#tfn4-etm-0-0-6070){ref-type="table-fn"}^   0.037
  Complicated with severe OSAS     2                             9   3   11   60.16±43.39^[a](#tfn4-etm-0-0-6070){ref-type="table-fn"}^   0.028

P\<0.05; CAD, coronary artery disease; OSAS, obstructive sleep apnea syndrome.

###### 

Univariate analysis of CAD-related risk factors.

  Risk factor                                                    No.   CAD n (%)     χ^2^     P-value
  -------------------------------------------------------------- ----- ------------- -------- ---------
  Smoking^[b](#tfn6-etm-0-0-6070){ref-type="table-fn"}^          32    29 (90.63%)   10.375   \<0.001
  Hyperlipidemia^[a](#tfn5-etm-0-0-6070){ref-type="table-fn"}^   40    30 (75.00%)   6.934    0.034
  Obesity                                                        47    26 (55.32%)   1.358    0.528
  Hypertension^[b](#tfn6-etm-0-0-6070){ref-type="table-fn"}^     52    39 (75.00%)   7.116    0.006
  Diabetes mellitus                                              10    6 (60.00%)    2.217    0.615
  AHI \>20^[a](#tfn5-etm-0-0-6070){ref-type="table-fn"}^         34    27 (79.41%)   5.623    0.027

P\<0.05

P\<0.01; CAD, coronary artery disease; AHI, apnea hypopnea index.

###### 

Multivariate logistic analysis of CAD-related risk factors.

  Risk factor                                              OR      Wald    P-value
  -------------------------------------------------------- ------- ------- ---------
  Hypertension                                             3.489   2.126   0.087
  Smoking^[a](#tfn7-etm-0-0-6070){ref-type="table-fn"}^    7.036   5.204   0.029
  Hyperlipidemia                                           3.125   1.469   0.146
  AHI \>20^[a](#tfn7-etm-0-0-6070){ref-type="table-fn"}^   5.377   2.478   0.038

P\<0.05; CAD, coronary artery disease; AHI, apnea hypopnea index.
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